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In the studies of Germuth (1) dealing  with serum sickness in the rabbit, the 
lesions  of kidneys  and  other  organs  were  observed  to  develop  during  the 
"immune" phase of antigen clearance from the blood and to regress  after free 
antibody had  appeared  in  the  circulation.  The  pathogenic  role  of antigen- 
antibody combination indicated by these temporal relations was further sub- 
stantiated  by the  localizations  of host  gamma  globulin  (2,  3),  presumably 
antibody, and antigen (3) at the lesion sites. Moreover, it has been shown that 
the lesions of serum sickness in normal rabbits can be produced by the passive 
transfer  of antibody in the presence of antigen  (4)  and, more recently, that 
comparable lesions can be produced in normal mice by the passive transfer of 
soluble antigen-antibody complexes  prepared in antigen excess  (5,  6).  In the 
latter experiments severe acute glomerulonephritis was observed in mice within 
36 hours after the first injection of soluble immune complex. These observations, 
together with our experience  in the preparation and the use of fluorescent im- 
mune complexes  (7, 8), prompted us to study the localizations  of heterologous 
immune complexes in the tissues of mice. 
Materials and Methods 
Antigens.--Bovine  serum albumin (BSA), crystallized, and hen ovaibumin (OA),  5 times 
crystallized, were obtained from Pentex Inc., Kankakee, Illinois. 
Antiserums.--These  were produced in New Zealand brown rabbits against BSA and OA. 
Each rabbit  received an initial intramuscular injection of 10 mg of antigen incorporated in 
complete Freund's adjuvant (Difco Laboratories) followed by a similar injection I week later. 
3 weeks after the second injection test bleedings were made. If the serum gave a strong pre- 
cipitin reaction in agar gel with antigen at a  concentration of 1 mg per ml, the rabbit  was 
e~mnguinated. Weak reactors were given a booster injection of antigen and retested. Serums 
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obtained from animals with good antibody responses were pooled, and aliquots of these pools 
were analyzed for antibody content and for zone of equivalence by quantitative precipitin 
and supernatant analysis methods. Three pools of rabbit antiserum to BSA contained, respec- 
tively, 12.1, 12.8, and 6.2 mg antibody protein per ml, and two pools of rabbit antiserum to 
OA each contained 4.9 mg antibody protein per ml. The molecular ratio of antibody to antigen 
at equivalence was in each instance approximately 3. 
Fluoresccr~ Antigens (BSA* and OA*).--BSA and OA were conjugated in the cold for 16 
hours with fluorescein isothiocyanate (FIT) (9), obtained from Baltimore Biological Labora- 
tory Baltimore. The weight ratio of FIT to albumin in the reaction mixture was  1:20. The 
molecular ratio of FIT to albumin in the dialyzed conjugate was approximately 4 for BSA* and 
2 for OA*. 
BSA and OA were conjugated with lissamine rhodamine B 200 (10) obtained as a gift from 
Arnold, ttoffman and  Co., Providence, Rhode Island, and used  as previously described (7). 
Fluorescent Antibody (RAB*).--The crude 7-globuiin fraction of rabbit antiserum to BSA, 
obtained by cold ethanol precipitation, was conjugated with FIT. The weight ratio of FIT 
to globulin in the reaction mixture was 1:40. The molecular ratio of FIT to globulin in the 
dialyzed conjugate (RAB*) was approximately 4. 
Soluble Fluorescent Immune Complexes.--Immune  precipitates, formed by the addition to 
antiserum of one equivalent of fluorescein-labeled  antigen (BSA* or OA*), were collected by 
centrifugafion after several days of equilibration in the cold, washed three times with chilled 
isotonic saline, and partially converted to soluble immune complexes by the addition of four 
more equivalents of fluorescent antigen. Mter several days of equilibration in the cold followed 
by centrifugation, the soluble complexes were obtained in the supernatant  fluid. 
Four preparations of soluble  fuorescent immune complexes containing fluorescein-labeled 
BSA* were made, and these had the following average composition, in mg per mh total pro- 
tein, 17.6; FIT, 0.156;  BSA*, 7.8; and antibody protein, 9.8. The average molecular ratio of 
BSA* to antibody was 1.9; of FIT to BSA*, 3.6. 
Two preparations of soluble  fluorescent immune complexes containing fluorescein-labeled 
OA* were made, and these had the following average composition, in mg per ml: total protein, 
18.4; FIT, 0.090;  OA*, 6.5; and antibody protein,  11.9. The average molecular ratio of OA* 
to antibody was 2.0;  of FIT to OA*, 1.6. 
One preparation of soluble immune complex was made with paired labels: lissamine rhoda- 
mine-labeled BSA* and fluorescein-labeled  rabbit antibody (RAB*). 
Carbon Suspension.--This  was pelikan Cl1-1431a, a non-toxic, aqueous suspension of car- 
bon particles (diameter about 250 A) prepared by the firm of Gtinther, Wagner, and  obtained 
from John Henschel and Co., New York (11, 12). When  diluted  tenfold  in  sterile  isotonic 
saline,  the suspension  contained 10 mg carbon per mi. 
Animals.--These were Swiss  Webster albino mice of male and female sex and  weighing 
approximately 28 to 32 gin. 
Injections.--All  protein  solutions  were  sterilized  by  centrifugal  micro  filtration  using 
Hemmings filters.  The carbon suspension  was autoclaved. Injections were made into the tail 
vein with a sterile syringe and 27-gauge needle. 
The mice were divided into several groups with the following numbers  and treatments: 
10,  immune  complex containing fluorescein-labeled BSA*; 2,  immune  complex containing 
fluorescein-labeled OA*; 2, immune complex containing, simultaneously, lissamine rhodamine- 
labeled  BSA*  and  fluorescein-labeled  RAB*;  3,  immune  complex  containing  fluorescein- 
labeled BSA*, followed by injection of rabbit antiserum to BSA; 8, fluorescein-labeled BSA*; 
2,  fluorescein-labeled OA*; 2,  fluorescein-labeled RAB*;  2,  carbon  suspension;  2,  carbon 
suspension  injected after immune  complex containing fluorescein-labeled BSA*; 4,  carbon 
suspension injected after, and before, immune complex containing fluorescein-labeled OA*; 
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The total dose per 30 gm mouse was standardized  as follows: I0 mg of rabbit  antibody 
protein  (in about  1  ml)  injected as  fluorescent  immune  complex or  fluorescent  antibody 
(RAB*); i0 mg of fluorescent antigen (BSA* or OA*); a quantity of rabbit antiserum (about 
0.8 ml) estimated as sufficient to attain equivalence when injected after about one-fourth of 
this volume of fluorescent immune complex; 4.8 mg carbon (in 0.48 ml); and 0.2 mg sodium 
fluorescein (approximately the amount of fluorescein  in I0 mg of fluorescent protein). 
The injections of fluorescent immune complex alone were given to 4 mice in divided doses 
at 72, 68, and 4 hours prior to autopsyand to 6 mice in divided doses at 72, 68, and 48 hours. 
Fluorescent antigen alone was given similarly in multiple injections to 5 mice, and in single 
injections to 3 mice at 4 hours, and to 2 mice at 15 days, prior to death. Fluorescent antibody 
was given in a  single injection to 1 mouse at 4 hours and to 1 mouse at 48 hours prior to 
autopsy. When antiserum was given it was injected within a few hours after divided doses of 
fluorescent immune complex. Carbon suspension and sodium fluorescein were given in single 
injections at 6 hours or 48 hours prior to death. Carbon suspension was also given as a single 
injection either after, or before, three divided doses of fluorescent immune complex or fluo- 
rescent antigen (OA*). 
T/ssues.--There were only two spontaneous deaths.  Both occurred in mice which had re- 
ceived multiple injections of immune  complex (containing BSA*), the one within  1 hour 
alter the injection of antiserum and the other 2 hours after the injection of carbon suspension. 
The remaining 37 mice were killed by cervical dislocation and exsanguinated by transection 
of the great vessels of the neck. The heart, lungs, liver, spleen, and kidneys were grossly in- 
spected, weighed, and sectioned into multiple blocks. These were processed by three methods: 
fixation in cold ethyl alcohol  (13)  and  paraffin  sectioning for immunofluorescence study; 
fixation in neutralized formalin and paraffin sectioning for conventional staining with hema- 
toxylin-eosin; and  freezing at dry ice temperature  and  sectioning in the frozen state.  For 
immunofluorescence study, the alcohol-fixed paraffin sections were deparaflinized in xylene, 
passed through alcohols into 0.01 u phosphate-buffered isotonic saline at pH 7.6, and mounted 
in buffered glycerin. 
Fluoresce~e Microscopy.--The techniques  of fluorescence microscopy  and  photography 
were essentially the same as described previously (7).  Approximately 500 slides,  each with 
multiple sections,  were examined and  1300 photomicrographs  were made  as  a  permanent 
record of the observations. 
Urinary Protein.--This was estimated by dipping the end of an albusfix (Ames Company, 
Elkhart, Indiana) in a drop of bladder urine and comparing the color with a five-color stand- 
ard representing the following concentrations of urinary protein: 0,  30,  I00,  and  I000  mg 
protein per i00 mi of urine, 
Antigen Clearance  from Mouse Serum.--Groups of mice were given single injections of 
fluorescein-labeled BSA*. Serum was collected and pooled at 6 hours and 24 hours and at 
daily intervals thereafter. BSA* was precipitated from the mouse serum by the addition of 
rabbit antiserum to BSA. The immune precipitate was harvested in the usual manner and 
dissolved in dilute NaOH. FIT in BSA* was estimated from the optical density at 480 m/~ 
and with this datum, and the known FIT:BSA* ratio, the serum concentration of BSA* was 
calculated. The serum concentration of BSA* fell rapidly during the first 24 hours and was 
essentially zero at 2 to 3 days. Mouse antibody to BSA was demonstrable by immunological 
tests as eariy as the 4th day. 
P~ESITLTS 
Mouse Liver.--Mter administration  by multiple intravenous  injections,  the 
last given 4  hours  prior  to death,  rabbit  immune  complexes containing  either 
fluorescent antigen  (BSA* or OA*) or fluorescent rabbit  antibody  (RAB*), or 894  ~OLECULAR  PATHOLOGY 
both,  were localized  mainly in  the lining  of sinusoids  and  the cytoplasm of 
Kupffer cells  (Fig.  1), but sometimes were present also in hepatic cells  (see 
reference 15) (Fig. 2) and polymorphonuclear leukocytes. At 48 hours after the 
last injection, the immune complexes were detectable by their fluorescence only 
in trace amounts. 
If,  after  multiple  injections  of  fluorescent  immune  complex  (containing 
BSA*), homologous rabbit antiserum was also administered intravenously so as 
to produce acute anaphylactic death, there were in addition to the localizations 
described at 4 hours coarse and occlusive depositions of fluorescent complex in 
the lumens of the sinusoids  (Fig. 3). 
At  4  hours  after  the  separate  injection  of fluorescent antigen  (BSA*)  or 
fluorescent  antibody  (RAB*),  the  pattern  of  distribution  in  sinusoids  and 
Kupffer cells was similar  to that seen with fluorescent immune complexes at a 
corresponding period. At 48 hours the fluorescence was detectable only in trace 
amounts, if at all. 
At 4 and 48 hours after intravenous injection, carbon particles were localized 
in the cytoplasm of Kupffer cells and  the lining  of sinusoids  (Fig.  4).  When 
carbon  particles  were  injected  into  an  animal  which  already  had  received 
fluorescent immune complex, the localizations  of these materials after 4 hours 
were similar  although  not identical.  For example,  a  particular  Kupffer cell 
might contain either fluorescent immune complex or carbon particles, or both. 
Within 3 hours after intravenous injection, sodium fluorescein was detectable 
only in trace amounts and with diffuse distribution. 
Mouse Spleen.--After administration by multiple intravenous injections,  the 
last given 4 hours prior to death, rabbit immune complexes containing either 
fluorescent antigen (BSA* or OA*) or fluorescent rabbit antibody (RAB*), or 
both, were localized mainly in the macrophages and the sinusoidal linings of the 
red pulp in perinodular,  internodular,  and  subcapsular regions  (Fig.  5),  but 
sometimes also were present in polymorphonuclear leukocytes. At 48 hours after 
the last injection,  the immune complexes were no longer identifiable in these 
sites by their fluorescence.  However, the fluorescent immune complexes  were 
now localized in the cytoplasm and the intercellular spaces of germinal-center 
ceils  (Fig.  6),  where heretofore they had  been detectable at  most  in  trace 
amounts. (At this time, as shown by quantitative immunochemical analysis in 
a group of mice receiving  fluorescent BSA, the serum concentration of labeled 
antigen was decreasing rapidly, and the immune phase of antigen clearance from 
the blood had begun.) 
If,  after  multiple  injections  of  fluorescent  immune  complex  (containing 
BSA*), homologous rabbit antiserum was also administered intravenously so as 
to produce acute anaphylactic death, there was an increase in both the number 
of macrophages  containing  fluorescent immune  complex  and  the size  of the 
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At  4  hours  after  the  separate  injection  of fluorescent antigen  (BSA*)  or 
fluorescent antibody (RAB*), the pattern of distribution in splenic red pulp was 
similar  to  that  seen with  fluorescent immune  complexes  at  a  corresponding 
period.  However,  fluorescent  antibody  (RAB*)  was  also  present  in  a  few 
germinal centers.  At 48 hours the fluorescence  of these various proteins was 
detectable only in trace amounts, if at all. 
At 4 and 48 hours after intravenous injection, carbon particles were localized 
mainly in the macrophages of the red pulp in a perinodular and intemodular 
distribution and,  with the exception of rare trace amounts, spared the white 
pulp (Fig. 8). When carbon particles were injected into an animal which already 
had received fluorescent immune complex, the localizations  in red pulp after 4 
hours were similar although not identical for each material. Within 48 hours, 
the fluorescence  of immune complexes had disappeared from the red pulp but 
was now detectable in germinal  centers of the white pulp while carbon particles 
persisted as before in the red pulp. 
Within 3 hours after intravenous injection, sodium fluorescein was detectable 
only in trace amounts and without localized distribution. 
Mouse Kidneys.--Mter  administration  by multiple intravenous  injections, 
the last  given 4 hours prior  to death,  rabbit immune  complexes  containing 
either fluorescent antigen  (BSA* or OA*) or fluorescent antibody (RAB*), or 
both, were localized  mainly in the glomeruli  but also were present elsewhere. 
The sites of predilection in the glomeruli were the capillary wails and the inter- 
capillary  spaces  in  which  particulate  and  homogeneous  depositions  of  the 
fluorescent complexes occurred (Figs. 9 and 10). A continuous as well as a dis- 
continuous  (particulate)  pattern  of localization was present in the basement 
membranes of the glomeruli  and the convolute tubules (Fig.  11). Fluorescent 
immune complexes were also present in the walls of afferent arterioles of some 
glomeruli  and in the endothelial linings  of capillaries  and capillary-like vessels 
(Fig. 12), which are tributaries of the efferent arterioles and surround the con- 
voluted tubules in the cortex or descend into the medulla (arteriolae rectae). The 
cytoplasm of the tubular epithelium in cortex and medulla anti protein casts in 
the tubular lumens,  especially in the medulla,  also contained fluorescent im- 
mune complexes  (Fig.  13). At 48 hours after the last injection, the fluorescent 
immune complexes were detectable only in the glomerular capillary walls and 
intercaplllary spaces,  (Fig.  14), and by comparison with their localizations  at 4 
hours were present in diminished  amount. 
If,  after  multiple  injections  of  fluorescent  immune  complex  (containing 
BSA*), homologous rabbit antiserum was also administered intravenously so as 
to produce acute anaphylactic death, there were in addition to the localizations 
described at 4 hours coarse and occlusive depositions of fluorescent complex in 
the lumens of the glomerular and the intertubular capillaries  (Fig. 15). 
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antibody (RAB*), separately injected, differed from that of fluorescent immune 
complexes  in  the  following respects.  At  4  hours  after  injection fluorescent 
BSA* predilected the glomerular and the tubular basement membranes (Fig. 
16), and was sparsely localized in the glomerular capillary walls and the inter- 
capillary spaces. Fluorescent OA* was detected only as minute dots in the cyto- 
plasm of the convoluted tubular epithelium and in the glomerular capillaries 
(and was also localized only  in trace amounts in other organs). Fluorescent anti- 
body (RAB*) showed predilection for the glomerular and the tubular basement 
membranes but was also present  as particulates  in  the linings and  walls of 
glomerular capillaries and  a  rare  intercapillary space.  At 48  hours  after in- 
jection the fluorescence of these labeled proteins was detected only in  trace 
amounts or not at all. 
At 4 and 48 hours after intravenous injection, carbon particles were very 
sparsely localized in the endothelial linings or the walls of some glomerular capil- 
laries. When injected into an animal which already had received fluorescent im- 
mune complex, carbon particles were localized in the endothelium, walls, inter- 
capillary spaces, and basement membranes of glomerular capillaries and in the 
basement membranes and the capillaries of tubules (Fig. 17). 
Within 3 hours after intravenous injection, sodium fluorescein was detectable 
only in trace amounts and with diffuse distribution. 
Mouse Lungs.--Mter administration by multiple intravenous injections, the 
last given 4 hours prior to death, rabbit immune complexes containing either 
fuorescent antigen (BSA* or OA*) or fluorescent rabbit antibody (RAB*), or 
both, were sparsely localized in the cytoplasm of macrophages and polymorpho- 
nuclear leukocytes in the interalveolar capillaries and in the endothelium of 
capillaries and larger blood vessels.  At 48 hours after the last injection,  the 
fluorescent immune complexes were detectable at most in trace amounts. 
If,  after  multiple  injections  of  fluorescent  immune  complex  (containing 
BSA*), homologous rabbit antiserum was also administered so as to produce 
acute anaphylactic death, numerous coarse and occlusive depositions of fluores- 
cent complex also occurred in the lumens of the interalveolar capillaries (Fig. 
18). These depositions were extracellular as well as in mononuclear and poly- 
morphonuclear phagocytes. 
At 4 hours after the separate injection of fluorescent antigen (BSA*)  or fluo- 
rescent antibody (RAB*), there were diffuse traces of fluorescence in the blood 
plasma,  interalveolar capillaries,  and  vessels  of larger size,  and  at  48  hours 
none. 
At 4 and 48 hours after intravenous injection, carbon particles were localized 
in  a  very few macrophages and polymorphonuclear leukocytes in  the inter- 
alveolar capillaries, lymphatic vessels, and lymph nodes. When carbon particles 
were injected into an animal which already had received fluorescent immune 
complex, the localizations of these materials after 4 hours were similar although 
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Within 3 hours after intravenous injection, sodium fluorescein was detectable 
only in trace amounts with diffuse distribution. 
Mouse 11eart.--Mter administration by multiple intravenous injections, the 
last given 4 hours prior to death, rabbit immune complexes containing either 
fluorescent antigen (BSA* or OA*)  or fluorescent antibody (RAB*), or both, 
were localized mainly in the endothelial linings of blood capillaries and lym- 
phatic vessels which lie in the interstices (endomysium) of cardiac muscle fibers 
but sometimes were present also in the endocardium. At 48 hours after the last 
injection, the fluorescent immune complexes were no longer detectable. 
If,  after  multiple  injections  of  fluorescent  immune  complex  (containing 
BSA*), homologous rabbit antiserum was also administered so as to produce 
acute anaphylatic death, numerous coarse and occlusive depositions of fluores- 
cent complex occurred in the lumens of the interstitial capillaries of the myo- 
cardium. 
At 4 and 48 hours after the separate injection of fluorescent antigen (BSA*) or 
fluorescent antibody (RAB*), the pattern of distribution in blood capillaries and 
lymphatic vessels of the myocardium was similar to that seen with fluorescent 
immune complexes at a corresponding period. 
DISCUSSION 
The reticuloendothelial  system as originally defined by Aschoff  is composed of a 
group of cells, including sinusoidal lining cells in liver and spleen, which are character- 
ized by phagocytic activity toward colloidal particles. This system also has been shown 
to function in the uptake of soluble antigens  (14, 15) and immune complexes (11). 
Moreover, by prolonged and excessive administration of colloidal carbon particles, 
phagocytosis was demonstrated (12) in regions where none was normally seen, such asp 
vascular endothelium of blood vessels, glomeruli, and heart valves. Likewise, soluble 
immune complexes (12) had a similar influence in promoting  the endothelial phago- 
cytosis of carbon particles. The present study made it clear that heterologous immune 
complexes were localized in reticuloendothelial cells, vascular endothelium, glomeruli, 
and polymorphonuelear leukocytes. 
Thus localized, immune complexes may thereafter: rapidly disappear (21); or 
initiate an immune response; or cause local injury to tissue (1-5); or persist for 
a  while  apparently without untoward  effect. The  present  study illustrated 
several of these events. For example, at 48 hours after the last injection, fluo- 
rescent immune complexes were detectable in no more than trace amounts in 
reticuloendothelial cells; and yet at the same time the complexes were localized 
in splenic germinal centers, where they had heretofore been seen only in trace 
amounts; and were still present in glomeruli although in diminished, but mani- 
festly harmful, amounts. 
The iv ~vo localization of fluorescent immune complexes in germinal centers, 
first clearly observed at 48 hours after the last of three injections, presumably 
was associated with the antibody-forming activity of such centers (16, 17). For 898  MOLECULAR  PATHOLOGY 
antigen, such as BSA*, was rapidly cleared from the blood of mice within 2 to 3 
days by the combined effects of not only urinary excretion, reticuloendothelial 
localization, and metabolism, but also immune elimination with antibody. 
The localization of fluorescent immune complexes in the kidney was associated 
with functional impairment (proteinuria as much as 1 gm per 100 ml was ob- 
served)  and with glomerulonephritic  structural alterations (5). In the present 
study the structural changes in some kidneys closely simulated those of human 
membranous  glomerulonephritis,  of  focal  and  diffuse  types,  and  consisted 
mainly of eosinophilic swellings of the glomerular capillary walls, intercapillary 
spaces, and basement membranes.  There was a close correspondence between 
the distributions of the eosinophilic swellings and the fluorescent immune com- 
plexes. The exudation of polymorphonuclear leukocytes,  one feature of the 
glomerulonephritis  as described elsewhere (5), was singularly absent, and there 
was no evidence of bacterial infection. 
Relevant to a consideration of pathogenic mechanisms were the observations 
that fluorescent  proteins  of low molecular  weight (OA, molecular  weight of 
40,000; BSA, 70,000) did not cause glomerulonephritis  within the short time 
interval studied, whereas fluorescent immune complexes (containing  two mole- 
cules of antigen to one of antibody; minimum molecular  weights,  240,000 to 
300,000) produced membranous glomerulonephritis in some instances. The renal 
localization and persistence of the fluorescent proteins differed from that of the 
fluorescent immune complexes in several respects.  For example, BSA* showed 
predilection for the glomerular basement membranes and was sparsely localized 
in  the  capillary walls and intercapillary spaces;  OA*  was  localized  only in 
minute amounts; and neither was detectable by fluorescence in more than trace 
amounts at 48 hours after injection (15). The localization  pattern of rabbit 
antibody (RAB*, molecular weight, 160,000) appeared  to be qualitatively and 
quantitatively intermediate between that of BSA* and the immune complexes. 
The molecular  size of the injected proteins presumably had therefore  an im- 
portant influence on the glomerular  localization,  persistence,  and pathogenic 
effects. Since the localizations of the immune complexes occurred to some extent 
almost immediately, and without known immunologic relationship  to the kid- 
ney itself,  the selective physical retention of proteins by the structures com- 
prising the glomerularultrafilters appears to be of pathogenic significance in this 
form of membranous glomerulonephritis  in mice, as perhaps also in nephrotic 
glomerulonephritis  in man (19) and serum sickness nephritis in rabbits (18). 
With regard to anaphylactic shock in the mouse, the obstruction of pulmo- 
nary, myocardial, and renal capillaries and hepatic sinusoids by immune precipi- 
tates appeared to be an important pathogenic mechanism, as in the rabbit (20). 
s~ARY  AND  CONCLUSIONS 
After intravenous injection  in mice, rabbit immune complexes, solubilized  in 
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antibody, or both, were promptly localized in reticuloendothelial cells, and poly- 
morphonudear leukocytes, of the siunsoids of liver and the red pulp of spleen; 
in glomenfli and dsewhere in kidney; in capillary endothelinm of heart and lung; 
and in hepatic cells. 
Thereafter manifold processes occurred. Within 48 hours the immune com- 
plexes were scarcely detectable in liver and splenic red pulp but now were local- 
ized in the germinal centers of white pulp where heretofore they had been seen 
only in trace amounts. This new localization presumably was associated with 
the antibody-formlng activity of the germinal centers, for the immune phase of 
antigen clearance from the blood had already begun. 
Although  the immune  complexes  were localized in various regions  of the 
nephrons and their appertaining  blood vessds, the initial sites of predilecti0n 
were the glomerular capillary walls and intercapillary spaces. After 48 hours the 
immune complexes were still detectable, although in diminished amounts, in the 
glomerull  but had by now essentially disappeared from other renal sites. The 
localization of immune complexes in the kidney was assodated with proteinuria 
and with structural changes which dosely simulated in some instances those of 
human membranous glomerulonephritis,  of focal and diffuse types, and con- 
sisted mainly of eosinophilic  swellings of the glomenflar capillary walls, inter- 
capillary spaces, and basement membranes. There was a dose correspondence 
between the distributions of the eosinophilic  swellings and the fluorescent im- 
mune complexes. 
The renal localization and persistence of fluorescent antigens (BSA* or OA*), 
after  separate  injections  in  mice,  differed from  that  of fluorescent immune 
complexes  in several respects. For example BSA* showed predilection for the 
glomerular basement membranes and was localized  sparsely in the capillary 
walls and intercapillary spaces; OA* was localized only in minute amounts; and 
neither was detectable in more than trace amounts at 48 hours after injection. 
These fluorescent proteins (of low molecular weights, 40,000,  70,000) did not 
cause glomerulonephritis within the time interval studied, whereas fluorescent 
immune complexes,  containing on the average two molecules of antigen to one 
of antibody (with minimum molecular weights of 240,000 to 300,000) produced 
glomerulonephritis  in some instances,  in confirmation of the observations of 
others. 
Since  the localization of the immune complexes  occurred immediately and 
without known immunologic relation to the kidney itself, the selective physical 
retention of proteins by structures  comprising  the glomerular ultrafilters ap- 
peared to be of pathogenic significance in this form of membranous glomerulo- 
nephritis in mice, as perhaps also in nephrotic glomerulonephritis in man. 
If after injection of fluorescent immune complex, homologous antiserum was 
also administered  intravenously  so as to produce acute anaphylactic  death, 
coarse and occlusive depositions of immune precipitates occurred in pulmonary, 
myocardial, and renal capillaries,  and in hepatic sinusoids. 900  MOLECULAR PATHOLOGY 
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Addendum.--Since  this  paper  was  written  we  have  undertaken  studies  at  time 
intervals as short as 5 minutes and as long as 7 weeks after injection of immune com- 
plexes.  A peripherally continuous,  membranous type of glomerular localization was 
more prominent at 5 to 15 minutes than at later periods (4 hours or more) when focal 
depositions  in  intercapillary  (axial)  regions  were  more common.  In  unfixed  frozen 
sections stained by fluorescent antibodies,  the antigenic constituents of heterologous 
immune complexes were still detectable in  the glomerular  intercapillary spaces at 7 
weeks. These findings appear to be in accord with ultrastructural  studies of the kidneys 
of the nephrotic rat: Farquhar and Palade (J. Exp. Med., 1961, 114, 699) using ferritin 
as tracer observed that glomerular  filtration residues accumulated in "deep" cells of 
the axial region. 
Two relevant papers dealing with  the antibody-producing role of germinal centers 
in  lymphoid  tissues  of mice have  appeared  since  this  manuscript  was  submitted: 
Congdon,  C.  C.,  and  Makinodan,  T.,  Am.  J.  Path.,  1961, 39,  697;  and  Walker, 
Richard V., J. Immunol.,  1962, 88, 153. 
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EXPLANATION  OF PLATES 
All illustrations,  with the exceptions of Figs. 4, 8, and  17, are fluorescence  photo- 
micrographs of 4 # sections of mouse tissues.  White areas correspond to specific apple- 
green fluorescence  of labeled proteins. 
PLATE 80 
FIG. 1. Liver. Localization of rabbit immune complex (containing BSA*) in lining 
of sinusoids  and cytoplasm of Kupffer cells at 4 hours after the last of multiple injec- 
tions.  ×  300. 
FIG. 2. Liver. Localization of rabbit immune complex (containing BSA*) as small 
and  large spherical  masses in  the cytoplasm of polyhedral hepatic  cells  at 6 hours 
after a single injection.  X 400. THE 30URNAL OF EXPERIMENTAL MEDICINE VOL. 115  PLATE  80 
(Mellors and Brzosko: Molecular pathology) PLATE 81 
FIG. 3. Liver. Deposition of rabbit immune complex (containing BSA*) in lumens 
of hepatic sinusoids in mouse with acute anaphylactic death.  ×  510. 
FIG.  4.  Liver. Localization of  carbon  particles (black) in  lining of sinusoids and 
cytoplasm of Kupffer cells at 4 hours after injection. Conventional light photomicro- 
graph.  ×  100. Insert,  X  580. THE  JOURNAL  OF EXPERIMIENTAL  MEDICINE  VOL.  115  PLATE 81 
(Mellors and Brzosko: Molecular pathology) PLATE 82 
FIG. 5.  Spleen. Localization of rabbit immune complex (containing OA*)  in cyto- 
plasm of macrophages of the perinodular red pulp at 4 hours after the last of multiple 
injections. Dark areas at bottom and right are lymphoid nodules.  ×  400. 
FIG. 6.  Spleen. Localization of rabbit immune complex (containing RAB*)  in  the 
cytoplasm and  the interecellular spaces of germinal-center cells at 48 hours after the 
last of multiple injections. ×  340. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  115  PLATE 82 
(Mellors and Brzosko: Molecular pathology) PLATE 83 
FIG. 7.  Spleen.  Localization of rabbit immune complex (containing BSA*)  in  the 
cytoplasm of macrophages of the perinodular red pulp in mouse with acute anaphy- 
lactic death.  X  150. Insert,  X  1500. 
FIc,. 8. Spleen.  Localization of carbon particles (black) in macrophages of the peri- 
nodular  red  pulp  at  4  hours  after  injection.  Conventional  light  photomicrograph. 
X  240. THE  JOURNAL  OF EXPEIZlM~ENTAL  MEDICINE  VOL. 115  PLATE 83 
(Mellors and Brzosko: Molecular pathology) PLATE 84 
FIG. 9.  Kidney. Localization of rabbit immune complex (containing BSA*) in the 
capillary walls and  the intercapillary spaces of glomeruli at 4 hours after the last of 
multiple injections.  ×  340 to 400. 
FIG. 10.  Kidney. Localization of rabbit immune complex (containing OA*)  in the 
capillary walls and  the intercapillary spaces of glomeruli at 4  hours after the last of 
multiple injections.  ×  260. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 115  PLATE  84 
(Mellors and Brzosko: Molecular pathology) PLATE 85 
FIG. 11. Kidney. Localization of rabbit immune complex (containing BSA*) in the 
basement membrane of a glomerulus, Bowman's capsule, and the convoluted tubules, 
focally, at 4 hours after the last of multiple injections.  X  495. 
FIo. 12.  Kidney. Localization of rabbit immune complex (containing BSA*) in the 
endothelial linings of capillary-like vessels (arteriolae  rectae)  in the medulla at 4 hours 
after the last of multiple injections. X  495. THE JOURNAL  OF EXPERIMENTAL  MEDICINE  VOL,  115  PLATE 85 
(Mellors and Brzosko: Molecular pathology) PLATE 86 
Fro.  13.  Kidney.  Localization of rabbit  immune  complex  (containing  BSA*)  in 
tubular casts and cytoplasm of tubular epithelium at 4 hours after the last of multiple 
injections.  X 400. 
FIG.  14.  Kidney.  Localization of rabbit  immune  complex  in  glomerular capillary 
walls and glomerular intercapillary spaces  (inserts,  high power) at 48 hours after the 
last of multiple injections.  X 400, complex containing OA*. inserts,  X  1000, complex 
containing BSA*. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 115  PLATE  86 
(Mellors and Brzosko: Molecular pathology) PLATE 87 
FIG.  15.  Kidney.  Left,  large  depositions of  rabbit  immune  complex  (containing 
BSA*) in lumens of the glomerular and the intertubular capillaries; and, right, locali- 
zation in tubular epithelium and intertubular capillaries of medulla in mouse with acute 
anaphylactic death. Left,  ×  425; right,  ×  315. 
FIG.  16.  Kidney. Left,  localization of  BSA* in  basement  membranes  of one  glo- 
merulus (but not of the other)  at 4 hours after the last of multiple injections; and, 
right, at 4 hours after a single injection. Left,  X  346;  right,  X  495. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  115  PLATE  87 
(Mellors and Brzosko: Molecular pathology) PLATE 88 
FIG. 17. Kidney. Left, localization of carbon particles (black) and, right, same field 
(white), rabbit immune complex (containing BSA*) in glomerular capillaries of mouse 
at 2 hours after the last of multiple injections.  X  425. 
FIG.  18. Lung. Deposition of rabbit immune complex (containing BSA*) in lumens 
of the interalveolar capillaries in mouse with acute anaphylactic death.  X  170. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 115  PLATE  88 
(Mellors and Brzosko: Molecular pathology) 